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CLAIMS 



[Claim(s)] 

[Claim 1] The wafer supporting structure characterized by having laid underground the 1st 
which carries out sequential energization - the n-th shot thermal resistance object (n>=2) 
into the ceramic base which constitutes a wafer maintenance side, and setting the ratio of 
the resistance of the m-lst shot thermal resistance object to the m-th shot thermal 
resistance object (m=2-n) to 1.5-4. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the wafer supporting structure used in 
order to hold wafers, such as a semi-conductor wafer and a glass substrate for liquid 
crystal, in the condition of having contacted, in production processes, such as a 
semiconductor device and liquid crystal, such as a susceptor and an electrostatic chuck. 
[0002] 

[Description of the Prior Art] In the semi-conductor production process, in the CVD system 
for forming a thin film in a semi-conductor wafer, and the dry etching system for 
performing micro processing to the above-mentioned wafer, in order to hold a wafer in the 
processing Interior of a room, the wafer supporting structure, such as a susceptor and an 
electrostatic chuck, is used. 

[0003] As shown in drawing 4 , the susceptor 10 has structure which laid the exoergic 
resistor 16 under the interior of the base 11 made from the ceramics which carried out 
disc-like. While laying a wafer 30 on this susceptor 10 and pressing down and holding In a 
clamp ring (un-illustrating) etc., from a power source 14, it energizes to the exoergic 
resistor 16 and a wafer 30 can be heated. 

[0004] Moreover, as shown in drawing 5 , the electrostatic chuck 20 lays an electrode 23 
under the interior of the base 21 made from the ceramics which carried out disc-like, by 
impressing an electrical potential difference from a power source 25 between this electrode 
23 and a wafer 30, produces electrostatic adsorption power and carries out adsorption 
immobilization of the wafer 30 on a base 21. And the exoergic resistor 26 is laid 
underground in the above-mentioned base 21, and a wafer 30 is heated by energizing from 
a power source 24. 

[0005] In addition, these wafer supporting structure is used not only for a semi-conductor 
wafer but for maintenance of the glass substrate for liquid crystal etc. 
[0006] The quality of the material of the bases 11 and 21 which accomplish the above- 
mentioned susceptor 10 and the electrostatic chuck 20 having the high corrosion resistance 
to the halogen system plasma in recent years, although ceramics, such as an alumina, is 
used, and using the nature ceramics of alumimium nitride with high thermal conductivity is 
proposed (reference, such as JP,6-151332,A). In this case, W, Mo, WC, TiC, TIN, etc. are 
used, and the exoergic resistors 12 and 22 laid under the interior of bases 11 and 21 print 
the paste containing these electric conduction material by the predetermined pattern on 
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the green sheet of alumimium nitride, and are manufacturing it by carrying out the 
laminating of this and really calcinating it 

[0007] Moreover, in these wafer supporting structure, in order to control the programming 
rate by the energization to the exoergic resistors 16 and 26, whenever [ stoving 
temperature ], etc., the following approaches are used. 

[0008] ** Measure temperature with a thermocouple and change the electrical potential 
difference which is interiocked with this measurement temperature and impressed. 
[0009] ** Control whenever [ programming-rate or stoving temperature ] by repeating ON- 
OFF using the fixed electrical potential difference of 120V grade. 

[0010] ** Impress the fixed electrical potential difference of 120V grade, repeat fixed time 

amount after ON-OFF, and control whenever [ stoving temperature ]. 

[0011] 

[Problem(s) to be Solved by the Invention] Since the approach of adjusting the electrical 
potential difference of ** among the energization approaches to the above-mentioned 
wafer supporting structure was difficult to control, the control (It is called PID control) by 
usually fixing the electrical potential difference like ** or **, and repeating the ON-OFF 
was common. 

[0012] Moreover, in consideration of the recess of the heat by radiation or conduction, the 
big output is demanded of these wafer supporting structure, and since it is usually heated 
and used for an elevated temperature 300 degrees C or more, the exoergic resistors 16 
and 26 are designed as a service temperature region shows predetermined resistance. 
[0013] However, as for the electric conduction material which generally accomplishes the 
exoergic resistors 16 and 26, since there was an inclination for resistance to become high 
as temperature rises, since the resistance of the ordinary temperature of the above- 
mentioned exoergic resistors 16 and 26 became lower than a predetermined value, when a 
fixed electrical potential difference was Impressed by the approach of the above-mentioned 
** or **, it had a possibility that an overcurrent may flow, in ordinary temperature. 
[0014] for example, the power sources 14 and 24 of electrical-potential-difference 120V — 
using it ~ 500 degrees C ~ 1500W - when required, the resistance of the 500-degree C 
exoergic resistors 16 and 26 is set to 9.6 ohms, and the current of 12. 5A will flow. When 
these exoergic resistors 16 and 26 consist of WC now, since the resistance of 500 degrees 
C will be about 3 times the ordinary temperature, the resistance in ordinary temperature is 
set to 3.2 ohms, and when the electrical potential difference of 120V is impressed, the 
current of 37. 5A will flow. Thus, when the overcurrent more than 20A flowed, thermal 
stress arose by the rapid temperature change, the crack arose in bases 11 and 21, and 
there was a problem of the lead wire and the terminal for energizing to the exoergic 
resistors 16 and 26 being damaged. 
[0015] 

[Means for Solving the Problem] Then, this invention lays underground the 1st which 
carries out sequential energization - the n-th shot thermal resistance object (n>=2) into 
the ceramic base which constitutes a wafer maintenance side, sets the ratio of the 
resistance of the m-lst shot thermal resistance object to the m-th shot thermal resistance 
object (m=2-n) to 1.5-4, and constitutes the wafer supporting structure. In addition, the 
ratio of the above-mentioned resistance is a ratio of the resistance in ordinary temperature. 
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[0016] 

[Example] Drawing explains the example of ttiis invention below. 

[0017] The susceptor 10 shown in drawing 1 lays two kinds of 1st shot thermal resistance 
objects 12, and the 2nd shot thermal resistance object 13 under the interior of the base 11 
made from the ceramics which carried out disc-like, comes to have the switch 15 for 
switching energization to the power source 14 for energizing to these, two kinds of 1st shot 
thermal resistance objects 12, and the 2nd shot thermal resistance object 13, and lays a 
wafer 30 on a base 11. 

[0018] Resistance Rl in the ordinary temperature of the above-mentioned 1st shot thermal 
resistance object 12 For example, it is set up so that it may become the optimal value from 
ordinary temperature in a 300-degree C temperature region. On the other hand, it is the 
resistance R2 in the ordinary temperature of the 2nd shot thermal resistance object 13. 
The above-mentioned resistance Rl Although it is low, when heated in a temperature 
region 300 degrees C or more, it is set up so that it may become the optimal resistance. 
[0019] And when using this susceptor 10, if it energizes and heats with a switch 15 first on 
the 1st shot thermal resistance object 12 by the side of high resistance, temperature 
detection means (un-illustrating), such as a thermocouple, detect the temperature of a 
base 11 and it becomes 300 degrees C or more, a switch 15 will be switched and it will 
energize on the 2nd shot thermal resistance object 13 by the side of low resistance. That 
is, it is the resistance Rl optimal in a 300-degree C temperature region from ordinary 
temperature at first. Although energized and heated on the 1st shot thermal resistance 
object 12 which it had, since resistance becomes high in connection with a temperature 
rise, calorific value will fall. On the other hand, it is the resistance R2 of the 2nd shot 
thermal resistance object 13. In connection with a temperature rise, it becomes high, and 
becomes the optimal resistance in a temperature region 300 degrees C or more. Then, 
since it can energize to the exoergic resistor which always had the optimal resistance if 
energization is switched to the 2nd shot thermal resistance object 13 from the 1st shot 
thermal resistance object 12 when it becomes 300 degrees C or more, an overcurrent does 
not arise and it can heat efficiently. 

[0020] In addition, what is necessary is just to adjust this laying temperature freely 
according to a service condition etc., although laying temperature which switches a switch 
15 was made into 300 degrees C in the above-mentioned example. Moreover, what is 
necessary is just to consider as resistance to which the overcurrent more than 20A does 
not flow, although it differs from the optimal resistance according to the configuration, 
dimension, and service condition of a susceptor 10. 

[0021] The ratio of the resistance of the two 1st shot thermal resistance objects 12 and the 
2nd shot thermal resistance object 13 becomes important, in order to do such effectiveness 
so, and it is the resistance R2 in the ordinary temperature of the 2nd shot thermal 
resistance object 13. Resistance Rl in the ordinary temperature of the 1st shot thermal 
resistance object 12 to receive A ratio Rl / R2 It has considered as within the limits of 1.5- 
4. This is the ratio Rl of the above-mentioned resistance / R2. It is because the difference 
in resistance is too small of stopping to acquire the above effectiveness in It being less than 
1.5, and, on the other hand, is the ratio Rl of resistance / R2. When 4 is exceeded, and 
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the difference in resistance is too great and switches a switch 15, it is because a smooth 
temperature rise becomes impossible. 

[0022] Furthermore, it can have a means to measure the resistance of not only a thing but 
the 1st shot thermal resistance object 12 or the 2nd shot thermal resistance object 13 
twisted to the above-mentioned thermocouple as a means for detecting temperature, and 
this resistance value change can also detect a temperature change. Or you may make it 
switch a switch 15 after fixed time amount by a timer etc. beforehand. 
[0023] Moreover, although drawing 1 showed the example equipped with the two 1st shot 
thermal resistance objects 12 and the 2nd shot thermal resistance object 13, if it has three 
or more exoergic resistors and two changes or more are performed, it can respond to a 
finer temperature change. In this case, what is necessary is to have the 1st which carries 
out sequential energization - the n-th (n>=2) exoergic resistor, and just to make the ratio 
of the resistance in the ordinary temperature of the m-lst shot thermal resistance object 
over the m-th shot thermal resistance object (m=2-n) into within thie limits of 1.5-4. That 
is, what is necessary is just to make the ratio of the resistance of ordinary temperature into 
within the limits of 1.5-4 between two exoergic resistors which switch. 
[0024] Furthermore, as other examples are shown in drawing 2 , it can also have two 
switches 15a and 15b connected to the two 1st shot thermal resistance objects 12 and the 
2nd shot thermal resistance object 13, respectively. In this case, only switch 15a by the 
side of the 1st shot thermal resistance object 12 is first closed and heated like drawing 2 . 
If the 1st laying temperature is exceeded, will open this switch 15a and switch 15b by the 
side of the 2nd shot thermal resistance object 13 will be closed. If the 2nd laying 
temperature is furthermore exceeded, by closing both switches 15a and 15b, and 
energizing on both the 1st shot thermal resistance object 12 and the 2nd shot thermal 
resistance object 13, resistance can be further made low and a three-stage can be 
switched. In this case, the combined resistance which carried out parallel connection of the 
1st shot thermal resistance object 12 and the 2nd shot thermal resistance object 13 will call 
it the 3rd shot thermal resistance object. 

[0025] In the above example, although the above-mentioned base 11 consists of various 
ceramics, such as an alumina, silicon nitride, and alumimium nitride, a thermally conductive 
point to corrosion resistance and its nature ceramics of alumimium nitride are especially the 
optimal. 

[0026] AIN contents are 99.5 % of the weight or more and 99.8 more % of the weight or 
more preferably 99% of the weight or more, 1500 ppm or less of Si contents are 1000 ppm 
or less preferably, the sum total of Na, calcium, Fe, etc. is set to 2000 ppm or less as other 
impurities, and, specifically, the 20~0micrometer nature sintered compact of high grade 
alumimium nitride has preferably desirable average cr/stal particle diameter 5-50 
micrometers. Such a nature sintered compact of high grade alumimium nitride is made with 
what a grain boundary phase hardly existed but was excellent in corrosion resistance, and 
65 or more W/m-K, and its rapid temperature up since it is high and homogeneity heating 
are easy also for thermal conductivity. 

[0027] moreover ~ not only as the above-mentioned nature ceramics of high grade 
alumimium nitride but sintering acid ~ the [, such as CaO, SrO, and BaO, / periodic table ] 
~ 2a group element oxide, and Y2 03, Er 203 and Yb 203 etc. ~ the [ periodic table ] ~ 
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0.5 - 20% of the weight of the added thing which came out of comparatively may be used 
in 3a group element oxide. Furthermore, what raised thermal conductivity to 180 - 250 
W/m-K can be suitably used by vaporizing these assistant components to about 0.001 - 1% 
of the weight in a baking process. 

[0028] On the other hand/ refractory metal simple substances, such as W, Mo, WC, TiC, 
and TIN, or metallic carbide, and a metal nitride are used for the 1st shot thermal 
resistance object 12 or the 2nd shot thermal resistance object 13. Moreover, when using 
the nature ceramics of alumimium nitride as a base 11, by forming [ the above-mentioned 
metal simple substance or metallic carbide, and a metal nitride ] an exoergic resistor for 90 
- 99 % of the weight, and AIN by 1 - 10% of the weight of the mixture, adhesion with a 
base 11 can be raised and the crack of a base 11, exfoliation of an exoergic resistor, and 
an open circuit can be prevented also at the time of a rapid temperature up. 
[0029] And what is necessary is just to change the quality of the material of a resistor, 
thickness, line breadth, a pattern configuration, etc., in order to form the 1st shot thermal 
resistance object 12 and the 2nd shot thermal resistance object 13 with which resistance 
differs as mentioned above. For example, what is necessary is to change thickness and line 
breadth or just to use the quality of the material from which volume resistivity differs, using 
the pattern configuration of a resistor as the same using the quality of the material of a 
resistor as the same. 

[0030] When using the quality of the material from which volume resistivity differs, each 
can form the 1st shot thermal resistance object 12 and the 2nd shot thermal resistance 
object 13 by the mixture of electric conduction material, such as W, Mo, WC, TiC, and TIN, 
and AIN, the AIN content by the side of the 1st shot thermal resistance object 12 can be 
made [ many ], and resistance can also be made high. 

[0031] In addition, the quality of the material of a resistor, thickness, and line breadth can 
be made the same, and as the 1st shot thermal resistance object 12 is shown in drawing 3 
(A), the 2nd shot thermal resistance object 13 can also form resistance low as a pattern 
configuration of single track as a pattern configuration where two lines 13a and 13b were 
connected to juxtaposition as shown in drawing 3 (B). 

[0032] Moreover, although not illustrated, it supposes that the quality of the material of a 
resistor, thickness, line breadth, and a pattern configuration are the same, and the 1st shot 
thermal resistance object 12 is made into one layer, and the 2nd shot thermal resistance 
object 13 can connect two or more layers to juxtaposition, and can also make resistance 
low. Or it may consider as a pattern configuration as shows any resistor to drawing 3 (B), 
and a high resistance side may cut either of two lines 13a and 13b. 
[0033] The manufacture approach of the above-mentioned susceptor 10 For example, after 
carrying out addition mixing only of a binder and the solvent at the AIN powder of 99% or 
more of purity and obtaining slurr/. Two or more green sheets with a thickness of about 
0.5mm are formed with a doctor blade method. Two kinds of 1st shot thermal resistance 
objects 12 and the 2nd shot thermal resistance object 13 with which resistance differs are 
formed on the above-mentioned green sheet using the conductive paste which carried out 
viscosity control of the mixed powder of AIN to electric conduction material, such as W, Mo, 
WC, TiC, and TIN. And the laminating of each green sheet is carried out, and it is 
50kg/cm2. After carrying out pressurization sticking by pressure by the pressure of extent. 
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performing cutting after that and considering as a disc-like plate, the susceptor 10 of this 
invention can be obtained by performing vacuum cleaning and calcinating under about 
2000-degree C nitrogen-gas-atmosphere mind. In addition, through a metallized layer, low 
attachment of the connection between the internal 1st shot thermal resistance object 12, 
the 2nd shot thermal resistance object 13, and lead wire is carried out, and it should just 
attach a metal rod etc. 

[0034] Here, the susceptor 10 of this invention shown in drawing 1 by the above- 
mentioned approach was made as an experiment. For a base 11, it consists of nature 
ceramics of high grade alumimium nitride, and considers as the diameter of 8 inches, and 
the thickness of 10mm, and the 1st shot thermal resistance object 12 is the resistance Rl 
of ordinary temperature at WC. Forming so that it may be set to 9.6 ohms, on the other 
hand, the 2nd shot thermal resistance object 13 is the resistance R2 of ordinary 
temperature at WC. It forms so that it may be set to 3.2 ohms, and it is the ratio Rl of 
resistance / R2. It was referred to as 3. Since the 500-degree C resistance of WC is about 3 
times the ordinary temperature, the 2nd ishot thermal resistance object 13 is set to 9.6 
ohms at 500 degrees C, and the output in 500 degrees C in 120V impression is set to 
1500W. 

[0035] Moreover, the conventional susceptor 10 shown in drawing 4 in the same quality of 
the material and the same configuration as an example of a comparison was made as an 
experiment, and the single exoergic resistor 16 was formed by WC, and it formed the 
resistance of ordinary temperature as 3.2ohms so that the output in 500 degrees C might 
be set to 1500W. 

[0036] Both susceptors 10 were set to the vacuum chamber, and the electrical potential 
difference of 120V was heated to 600 degrees C by PIV control. However, the susceptor 10 
of this invention was energized to the 1st shot thermal resistance object 12 side, and above 
300 degrees C, from ordinary temperature before 300 degrees C switched the switch 15, 
and it energized it to the 2nd shot thermal resistance object 13 side. 
[0037] As shown in drawing 6 , in the example of a comparison equipped only with the 
single exoergic resistor 16, the exoergic resistor 16 has fractured the result near 100 
degree C for an overcurrent. On the other hand. In this invention example, it was able to 
heat to 600 degrees C satisfactory. Resistance energizes this to 300 degrees C on the 1st 
shot thermal resistance object 12 which is 9.6ohms, when a switch 15 is switched at 300 
degrees C, since the resistance of the 2nd shot thermal resistance object 13 is rising to 
about 9.6 ohms, it is the resistance optimal in any case, and it is for the overcurrent more 
than 20A not to flow. 

[0038] In addition, although the above example described only the susceptor 10, it 
checked that this invention was completely applicable similarly about the electrostatic 
chuck 20 shown in drawing 5 . Moreover, it cannot be overemphasized that the wafer 
supporting structure of this invention is applicable not only to a semi-conductor wafer but 
maintenance of the glass substrate for liquid crystal etc. 
[0039] 

[Effect of the Invention] According to this invention, as mentioned above in the ceramic 
base which constitutes a wafer maintenance side By having constituted the wafer 
supporting structure, having laid underground the 1st which carries out sequential 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 2005/11/22 



JP,08-274147,A [DETAILED DESCRIFHON] 



7/7 ^-V 



energization - the n-th shot thermal resistance object (n>=2), and having used the ratio of 
the resistance of the m-lst shot thermal resistance object to the m-th shot thermal 
resistance object (m=2-n) as 1.5-4 Without breakage arising in a ceramic base, lead wire, 
etc., since it can prevent that an overcurrent flows to an exoergic resistor, a rapid 
temperature up can be possible and high power can be generated in a pyrosphere 300 
degrees C or more. Moreover, since it is controllable by the PID control which repeats ON- 
OFF of a fixed electrical potential difference, the wafer supporting structure which has the 
description which was [ use / it / easily ] excellent can be offered. 



[Transiation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the sectional view showing the susceptor which is one example of the 
wafer supporting structure of this invention. 

[Drawing 2] It is the sectional view showing the susceptor which is one example of the 
wafer supporting structure of this invention. 

[Drawing 31 (A) and (B) are the top views of drawing 1 and the exoergic resistor in the 
susceptor of 2, 

[Drawing 41 It is the sectional view showing the conventional susceptor. 

[Drawing 51 It is the sectional view showing the conventional electrostatic chuck. 

[Drawing 61 It Is the graph which shows the temperature up property In the susceptor of 

this Invention example and the example of a comparison. 

[Description of Notations] 

10: Susceptor 

11: Base 

12: The 1st shot thermal resistance object 
13: The 2nd shot thermal resistance object 
14: Power source 
15: Switch 
30: Wafer 



ITranslation done.] 
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1 6. 2 6«:ai«t-*fc*©y- F«|-?>f - 5:^.'U*SK 

a-r-5^©raja3t)i4>-3:fc. 

[0015] 

l~mn»S^ta<* (n^2) =Sr«S:L. ^m^SiS: 
(* (m=2~n) {C*f-r*mm- 1 ^«lfitai*©ffi!nfil 
©tbil. 5~4iLr'5xy>«^g«r«^bfcfe© 
-C*4. ±iaffiJSfii©it<i:». ^S-C©»Ciffi© 

it©C<!:-C*i. 
[0016] 

[*»««] feiT*^i!g©JIJ6««*S«:j:o-C§iWr4. 

[0 0 1 7] ai{c5^-rifi2^i» 1 ow, nett^o/t 

•b^S 5i/;^»©S«:l l©f*38StC2aa©^l^ffi 
!n{$12. m2^S!n(«:l 3*ai9:L. Ctl^tCilS 
■rSfc2«)©S® 1 4 i 2SS©II 1 ^JS^tatt 1 2 . -II 



(3) 

3 

coo 1 8] ±iBmi^fiCi(*l 2©ma-C(DfiJaffi 
3 0 0'C«±<DiaS««:jjnJ»3#i/c*i^«:aSJSfi!Sfii 

i J: ^ {cases 

COOlQl-eur. COIfHzT'* 1 O^r^Ti^ 10 

«. f 5^ 1 5 -ciafig!nflB©» 1 mmtni^ 1 2 

rstti ioias*«^fflL-c. aoo-CJWiKftSi:^ 
-f 1 5 *^0jfe^r®fi5iffJ©m2ieSJ«H6ta«c 1 3 

3 0 0 -comi^raacDffiCifiiRt *«F->fcii i ^ 

ri«<^c«3. 300 •CfeUi©?aKl^-C i 20 
*cr. 3 0 o-cJii±i&r>fc^*T. 

fi!S«:l 2*>e,»2^fitii«:l 3{Cji«?:^0ift^n 

[0020] ±I^J6pilra;^ ^v^lb^mKi 
«!;?.Si93EiaS%3 0 O'CiL/t*!. C©!a3£SK»« 

fiJnfflitt-y-fep'ii 1 OOJKti?. ^^<»fiMa^tc J: r> 
xmfJii>ifi. 2 OAJW±©jfi««E*idKn«:i,»J:^«cfi!a 30 

[0 02 1 3 C©J:^rj:ja*«rl|-r4A:i{>K:B. "o© 

m 1 1 2 . ^2ie»ffiis«: 1 3©jsetfii©tfc 

i «c D . » 2 ^iS!a<* 1 3 ©«mr ©fitnffi R 
, CC*f-r-6. 1^ 1 ^JS^lfittit 1 2 ©l^a-C©fi!afiiR» 
©itR, /R, 5~4©<iHl^<!:l/r*€». Ctl 

«. ±5Bfi!Sffl©JtRa /R. Ifil. 5*Slr&Si. 

ffitaffl©ac>*s/jN3-r tfr±iB©j: ^ >a:S»s*^e.n^c 

<itc4fcJ&-C*»3. -:^fiiffi©i:bRi /R, *i4 4:fi 
it^i. fifiiti©aL»*i:^frS'-rX'r-^5^1 5«:W»3 40 

4. 

[0 0 22] 3 etc, SS*«feHirS3fc*©#aiL/-C 
«> ±iBI»«i*{cJ:et>©{cBS6-r. 
!ntt 1 2 X(J» 2 SsSftffiSi*^ 1 3 ©ataffl*i!l3£-r ■&# 
C©ffi!afii©^{t{Ci:orsa[^{b«:«im-r 

[0023] iair«2-3©^i^act«ci 

2. ^2»J»fitn«il 3*ii^fcm^l//t3!ii. 3oJ« 50 



»S^8-2 74 1 4 7 
4 

±©^ffiia(**{iit. 2@«±©i3JSit*tfit«. J: 
•3iSB!6iaiaa^<h{C*fj£rr4Ci*s-C#4. C©^ 
». CIS;^S^^S 1 -^Hn ( n ^ 2 ) ^^&in(^^<i 
^. mm*«ffiSi(* (m=2-n) «c*fr5Sm- 1* 
fS^ta»©1^S-C©SCta©Jt* 1 . 5 ~ 4 ©ffiHrt <b 
U-r*Jt:f«m». 0*0. WOft^^rtf^--:?©^® 
tt»rar. ;SrS®fi!n«©Jt* 1 . 5-4©KHrt<!:L 

r*jw«sc»©-c*4. 

[0 0 24] H2{cfl6©||fi6m^-rJ:^{c. 
2 0©»1 2. ®2»J»ffi6t»l 3'N-g-n 

<ci«>-c#4, £:©«^. *-rg*7]«H2©J:^fc|g 
1 ^mmW 1 2ffliJ©:^ i. 9^ 1 5 a ©**KDrftIiSl 

»iig::£saf*a^.«ic©;^-^ ir^i 5a*pgi> 

-C»2^J»aaKfl:i 3ffll©^-<!v5=^l 5b*BBi;. 36 
<iCm2mMM&iB!Litm-^(D:^^ y^-l 5 15 
b 4B3 Dr» l|^Stii<* 1 2 i^2 ^aSi«: 1 3 © 

®^©^«3»^*tf 'JCiAS-C**. C©i©^«. »1 
1 2 £11 2 ^ma^ 1 3 ^^^J^ L/c^ 
fiS^SiKdm 3 Si^JSi* i O ^ C i {C S , 
[0025] JW±©||i6Ca|«:*ji»-r. ±is»t* i i «, 
r;^5:^. ma^g. ^{trji/5-'?Ai?©sa-fe^s 

[0026] A 1 NdWft&ig 9S«%J« 

±. »SL<«99. 5SS%JW±. 36K:»9 9. 8 
ftS%JW±-C. S i ^*S*i 1 5 0 0 p p mSUr. 
L<«1000pp mJfctTT* 0 . -eoffiO^igJi O 
•TNa. Ca. Fel?©^tf*2 00 0ppm«T<!: 

^l^|g^^*S5~5 0 wm. »*L/<{t2 0- 
~ 0 m©iiE«ffi^{br 5 - ■? AH«fe|g«:*JJf * O 

{:©<i:^)6:iftttaM{br;U5-'?AHj|fefe{4c«. a 
^^<!:^telf♦i3&s#aE■l^rW^14^cfft^fc^>©^■Cl^. 

[ 0 0 2 7 ] ±ffi»*6Sli{br;U5 j^-^AW-fe^ 
5 ■yd'XtCBS^-r. «liei»aiI£LrCaO. S r O. B 
aO^S»!»^2ai557C^K^b«J^. Y, O, . E 

r.o, . Yb, o, m<omfmms3 amyis^mib^ 
*o. 5~2 0£s%©s(^-cjsflnLfct>©rfcat>. 

3e>(c, jKfiS3iSrc4ie>©i!l!>ailfiK»«r0. 00 1-1 

8 0-25 OW/m • K*-CiS*/t4>©«>S7®CCfieffl-C 

[002 8] m i »J»fita«: 1 2X«I52 ^fi 

ta»l 3». W. Mo. WC. T i C. T i N^©ilf«l 

ft. m»i 1 <»:iy-c^Ybr;i'5-'i;AM-fe5 5 4?;^* 



5 

«J«:9 0~9 9fifi%iA 1 N* 1~ 1 OSfi%©il^ 

c 0 0 2 9 ] ur. ±s©i ^ ict&tnm<omrj:im i 

^fiCitt 1 2 . »2 ^S5i(* 1 3 ^J^JSRTSfctotC 
[0030] <*S@WS!SCD^^cS«S*ffi(,>Si&^ 

». m^itm 1 ^£$1^ 1 2 . m2^mm» 1 3 % 

l,>-rtl4>. W. Mo, WC. T i C. TiNm<Dmmti 
A 1 Ni©il^(*T}gfiSU. *l^!Sta(*l 2fl!j 

•5. 

[003 1 ] fi!n(*©l!*e. Jl*. i^^^l^ 

— tL. fHl^mni^l 2«03 (A) K^-rJr^K 
- 0-C . » 2 ^^(* 1 3 »0 3 
(B) (c^-rj: 5 K-oOilgl 3 a. 13b*afe5>l«:« 

(0032] S7i^LXl,>i&C»*i. ffi!n<*©M®v 

Oft. t,>Tti©ffi!Jt(*«>E3 (B) tc^-rj:^?C'^*- 
>J^t 0. HSmnWlitZl-oOlSi 13a. 13b ©C^T 

[0033] ±iai^-fe:rdf 1 0©S!J»*iffi«. B^l^tm 
K9 9?^jy±©A 1 Nt9*«cn-f>y-aaf;aiSffi©*4 

3 0. 5mingS©^y->'>- 

W. Mo. WC. T i C. T i N^ai^ttiA 1 N© 

y - h±(cfieaffl©SiCc4 2mm<om i ^mstn 

ft:l 2. ll2|^SS«!n(tl 3*?BSW4. ^UtT. Si' 
h*SJa 1/5 0 kgr/ cm' gk©ffi;^f)!)D 

ft:©%. X?aBifli?:JfiL. 2 0 0 0 -CgSC^Sffi^ 
Tr«gASr4C<!:K:J;>3. *^?§©-!^-H27'aH 0 *»4 
C<b*sr&S, F«3SB©IS 1 ^ffittft: 1 2 . »2 

1 3 i >; - K«i©fijiK«. m^ni^ 

[0 0 34] CC-C. ±ffi©:^(cJ:»)iaiK:5v-r3t:^ 
^lOmmtL. »l^fiK»l 2»WC-C«ia©« 
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eaSftl 3»WC-cmia©^ffiR, **3. 2Qt;Q:4 
J:^«:JBfiEL. SSfi©ltRx /R, {3:3iLfc. WC 
©5 0 0 •C-C©^ffili^S©«^3<5-C**/c«>. 112 
^attaftJl 3»5 0 0X;-C9. 6Qi«cO. 120 V 
aaWtCfeWS 5 0 0 -CXa^mhifi l 5 O O Wi;^:-^. 

[0 03 5] )mmthxm-\m. i^-^-c 

04{CS^-rt>£*©1*-fe7':S» 1 O^iSffL-. ©^fi 
la^l 6«WC-eJKfi£L. 5 0 0 •C-C©a:^>*« 1 5 0 0 
W4^c4J:5«:. SS©fiCifil*3. 2 Q i LTJ^fiSO 
10 fc. 

[0 03 6] mij<0-*)-^-:f *t 1 0*X^9^f >^^-{C-fe 

vViyXi 2 0V©sff*p I vsoajcctotre oo-c 

tS-XtSm^n-itc. fcyi:L**?li©1fH2 7'4r 1 0«, S 

3 0 0 •c*-c©s«iiF 1 ^tm.tm 1 2 iwtcaim 

L.. 3 0 0-CJM±r«::^-Yvf^l 5*W»)lft*-CSf2^ 
i^S!;i(|:l 3(i!|(Cji%Lyi:o 

[0037] t^mtm 6 ccTK-r J: ^ k. m—<Dmmvi 
W 1 6 b*>ii^rcj?3:tijt©«^r«> T&mwofc^ic i 

0 0 -c^ifif ^ssiffiCift 1 6 *sK»f L-ri/ s ofc. c n 
20 (cs*b. *^iiigp9-c«figs)a:< 6 0 o•cs■c»IBSl•r 
-5c<i:3&J-c#yto cn»3 0 0-C*-C(iS!afii*«9. 6 
Q©l&l^S^ffitiii*l 2(ca«L/. 3 0 0 '0-0;^ ^. 

1 5 0 »^fc^,^-c«gr2 mmsam i 3 ©^isffl 
ciii^jg. 6Q{c±#urc»4ytfe. i,>-rti©^tsa 
feffitafii t?c-3-c*st). 20A u±.a:>mnm.ifi^ti s c 

[0038] ?c*j, in±<Dmmmxu->)-iz-:f^ 1 otco 

l<>-C©*3S'^A:*s. @ 5 tcS^-r^S?' + d' 2 0 

30 *^|g©■^*-'^«^^|g«. mm»^:'^^^m^x 

tj: < m^m:»^ :^mm^9m(c fcffifflr & 4 c t «^ 
[0039] 

[*l8©Ja»] feLho.t'JKslc^Wfc.tiitf. •^;*>'^fi| 
mn^sttft (n^2) %agg:L: mm^«^tn<* 

(m=2'>-n) {C^fTimm- 1 ^ffi!ai*©fi!nfii© 

Jt*i. 5-'4^Lr•i;*-'^«^^^*«fiRL/cct^c 

40 H2 ^ 5 5» i? XSi*-?* U - KiK#K:a5a*si CiC 

i * < . ^ji^is*! oitlr 3 0 0 •c«±©iS®JS-cissa 
:t}i:^$iiictifixti>. ifc. —■&ms.<oohi- 

OF F«r«S»}il-rP I DftlJ®-r3>f-D-Jl/-C*SA: 
Sg«:fi6ffl■C#€)^J:<!f©«n/c«FtS[^rW•rS■>:c/^ 

[iaS©iS«nc3ii39] 

[HI ] *^©■i'x>'^«^g©— ^««-C*.5lHr 

[H2] *^©':»*>'^ffmiS©-llifi01I-C**-9-b 
50 :7'ii*^-r»r®Hr*.5. 
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[03] (A) {B)ttHl, 2<D-!f-lr-7"4r{CteW4^ 
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